
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0104.404 A1 

US 2002O104.404A1 

Naito (43) Pub. Date: Aug. 8, 2002 

(54) NIOBIUM POWDER, SINTERED BODY (30) Foreign Application Priority Data 
THEREOF AND CAPACTOR USING THE 
SAME Jul. 15, 1999 (JP)........................................... 11-201058 

(75) Inventor: Kazumi Naito, Chiba-shi (JP) Publication Classification 

Correspondence Address: (51) Int. Cl. ................................................. C22C 27/02 
SUGHRUE MION, PLLC (52) U.S. Cl. ................................................. 75/245; 75/255 
2100 PENNSYLVANIAAVENUE, N.W. 
WASHINGTON, DC 20037 (US) 

(57) ABSTRACT 
(73) Assignee: SHOWADENKO K.K. 

(21) Appl. No.: 10/043,102 A niobium powder having a nitrogen content of about 
1-1. 500-about 7,000 ppm by weight, and having a mean particle 

(22) Filed: Jan. 14, 2002 diameter of at least about 0.2 um and less than about 3 um. 
O O Preferably the niobium powder has a reduced content of Related U.S. Application Dat eae pplication Uata impurities. A sintered body of the niobium powder. This 

(63) Continuation-in-part of application No. PCT/JP00/ Sintered body generally has a specific leakage current index 
04753, filed on Jul 23, 2001. Continuation-in-part of of not more than about 400 pA(uFV). The capacitor 
application No. 09/636,638, filed on Aug. 11, 2000. having (i) an electrode composed of the sintered body, (ii) a 

counter electrode and (iii) a dielectric intervening between 
(60) Provisional application No. 60/148,265, filed on Aug. the two electrodes exhibits good leakage current character 

11, 1999. istics. 

  



US 2002/0104.404 A1 

NIOBIUM POWDER, SINTERED BODY THEREOF 
AND CAPACTOR USING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 This invention relates to a niobium powder used for 
a capacitor having excellent leakage current characteristics, 
a sintered body produced from the niobium powder; and a 
capacitor having the Sintered body. 
0003 2. Description of the Related Art 
0004 Capacitors to be incorporated in electronic appa 
ratuses Such as portable phones and personal computers are 
demanded to have a Small size and a high capacitance. 
Among Such capacitors, a tantalum capacitor has been 
widely used, in View of high capacitance relative to its size, 
and excellent performance. Generally, in the tantalum 
capacitor, a sintered body of tantalum powder is used as a 
positive electrode, and therefore, in order to increase the 
capacitance of the capacitor, the weight of the Sintered body 
must be increased. 

0005. When the weight of the sintered body is increased, 
the capacitor necessarily becomes larger in size and fails to 
Satisfy the demand for a Small-sized capacitor. In order to 
Solve this problem, a capacitor containing a sintered body of 
a powdery material having a dielectric constant higher than 
that of tantalum has been studied. Niobium and titanium are 
mentioned as examples of the powdery material having a 
high dielectric constant. 
0006. However, a sintered body of the above-described 
material has a high Specific leakage current index. Since 
niobium and titanium have high dielectric constants, a 
capacitor having high capacitance can be produced from 
these materials, but lower Specific leakage current indeX is 
required in order to produce a capacitor of high reliability. 
Specific leakage current index, i.e., leakage current per unit 
capacitance, can be used to evaluate whether high capaci 
tance can be obtained while maintaining leakage current at 
a practically permissible low level. 
0007. The specific leakage current index is determined as 
follows. A sintered body having a dielectric layer formed 
thereon by electrolytic oxidation is prepared, and 70% of 
formation Voltage is continuously applied to the Sintered 
body for three minutes. The leakage current during the 
application of Voltage is divided by the product of formation 
Voltage during electrolytic Oxidation and capacitance of the 
Sintered body. Thus, the Specific leakage current indeX is 
expressed by the following formula: 

Specific leakage current index=LC/(Cx V) 
0008. Wherein LC: Leakage current, C: Capacitance, and 
V. Formation Voltage. 
0009. In the case of a sintered body of a tantalum powder, 
a Specific leakage current indeX is not more than 1,500 
pA/(uFV), as calculated from capacitance and leakage 
current described in a catalogue entitled “CAPACITOR 
GRADE TANTALUM" by Showa Cabot Supermetals K.K. 
In order to guarantee this value, it is generally accepted that 
the actual measured value of Specific leakage current indeX 
must be at most /3 to 4 of the value calculated from the 
catalogue, and a preferred leakage current indeX is not more 
than 400 pA/(uFV). However, a conventional sintered 
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body of niobium or titanium powder has a specific leakage 
current indeX much higher than the preferred leakage current 
index, and thus a capacitor containing the Sintered body of 
niobium or titanium has poor reliability and is impractical 
for use. 

SUMMARY OF THE INVENTION 

0010. In view of the foregoing, an object of the present 
invention is to provide a niobium powder Suitable for the 
production of a capacitor having a low specific leakage 
current index. 

0011) Another object of the present invention is to pro 
vide a sintered body of niobium powder, used for a capacitor 
having a low Specific leakage current index. 
0012. A further object of the present invention is to 
provide a capacitor with a low specific leakage current 
index, which has an electrode composed of a Sintered body 
of niobium powder. 
0013 In a first aspect of the present invention, there is 
provided a niobium powder having a degree of nitridation 
represented by a nitrogen content (hereinafter referred to as 
“nitrogen content”) of at least about 500 ppm by weight and 
not more than about 7,000 ppm by weight and having a mean 
particle diameter of at least about 0.2 um and Smaller than 
about 3 um. Preferably the niobium powder contains as 
impurity at least one element M Selected from iron, nickel, 
cobalt, Silicon, Sodium, potassium and magnesium in an 
amount such that each element M is not more than 100 ppm 
by weight, or the total amount of the elements M is not more 
than 350 ppm by weight. 

0014. In a second aspect of the present invention, there is 
provided a sintered body produced from a niobium powder, 
which exhibits a specific leakage current index of not more 
than about 400 pA/(uFV)). 
0015. In a third aspect of the present invention, there is 
provided a sintered body produced from the niobium powder 
concerned with the first aspect of the present invention. 
0016. In a fourth aspect of the present invention, there is 
provided a capacitor comprising (i) an electrode, wherein the 
electrode is the Sintered body concerned with the Second or 
third aspect of the present invention, (ii) a counter electrode, 
and (iii) a dielectric intervening between the two electrodes. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0017. The niobium powder of the present invention is 
characterized as having a nitrogen content of at least about 
500 ppm by weight and not more than about 7,000 ppm by 
weight and having a mean particle diameter of at least about 
0.2 um and Smaller than about 3 lim. A capacitor produced 
from the niobium powder exhibits a very low specific 
leakage current indeX. 
0018. The reason for which the capacitor of the niobium 
powder exhibits a very low specific leakage current indeX is 
inferred below. 

0019 Generally, capacitance of a capacitor is represented 
by the following formula: 
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0020 Wherein C: Capacitance, e: Dielectric Constant, S: 
Specific Surface Area and d: Distance Between Electrodes. 
0021. In the above expression, since d=kxV (k: constant 
and V: formation voltage), C is represented by the following 
formula: 

0022. When specific leakage current index is defined by 
the following formula as hereinbefore mentioned. 
0023 Specific leakage current index=LC/(CxV) (LC: 
leakage current), the specific leakage current index LC/(Cx 
V) can be expressed by the following formula: 

Specific leakage current index=LCI(efk)xS. 

0024. In consideration of the above formulas, in order to 
decrease specific leakage current index, there may be 
Selected any measure from among decreasing leakage cur 
rent (LC), increasing (CXV), increasinge, and increasing S. 
0.025 In the present invention, the niobium powder of the 
present invention has a mean particle diameter of Smaller 
than about 3 tim, the Specific Surface area of the powder is 
large. Consequently, the (CXV) value, which is the denomi 
nator in the above-described formula providing Specific 
leakage current index, is large. However, when the mean 
particle diameter of the niobium powder is Smaller than 
about 0.2 lum, a sintered body produced from the niobium 
powder has a problem Such that permeation of a negative 
electrode material into the sintered body becomes difficult. 
AS a result, capacitance of the produced capacitor cannot be 
increased to the desired extent, and the (CXV) value cannot 
be made large, So that the Sintered body is unsuitable for 
practical use. 

0026. Meanwhile, niobium may be bonded more strongly 
with oxygen than may tantalum, and thus, oxygen atoms in 
an electrolytic-oxidized film formed on niobium tend to 
diffuse toward the interior metal, i.e., niobium. In contrast, 
in the Sintered body according to the present invention, a 
niobium powder is partially bonded with nitrogen, and thus 
oxygen in an electrolytic-oxidized film formed on niobium 
is hardly bonded with niobium, preventing diffusion of 
oxygen atoms toward the niobium. Consequently, the oxi 
dized film can be stabilized and leakage current (LC) may be 
decreased. 

0027. In addition, since the niobium powder according to 
the present invention comprises a nitrogen content of at least 
about 500 ppm by weight and not more than about 7,000 
ppm by weight, leakage current, Serving as the numerator of 
the above-described formula, becomes especially low. 
Therefore, Specific leakage current index of the Sintered 
body according to the present invention may become par 
ticularly low. 

0028 AS is described above, the sintered body of the 
present invention has a Satisfactory Specific leakage current 
index as low as not more than about 400 pA/(uFV)). 
Furthermore, in the present invention, when a nitrogen 
content in the niobium powder and the mean particle diam 
eter of the niobium powder are optimized, the Specific 
leakage current indeX may become not more than about 200 

0029. A niobium powder having a mean particle diameter 
of at least about 0.2 um and less than about 3 um Serves as 
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a raw material for forming the Sintered body. In order to 
decrease the Specific leakage current index, the mean par 
ticle diameter is more preferably at least about 0.5 um and 
less than about 2 um. If the mean particle diameter is leSS 
than about 0.2 tim, when a capacitor is fabricated from a 
Sintered body produced from the niobium powder, a nega 
tive electrode material described below becomes difficult to 
Soak into he sintered body because pores in the Sintered body 
become very Small. In contrast, if the mean particle diameter 
is about 3 um or larger, the Sintered body having a desirable 
Specific leakage current indeX is difficult to obtain. AS used 
herein, in the case of the niobium powder, the term “mean 
particle diameter” refers to Dso value, i.e., particle diameter 
value having a cumulative weight 9% of 50, which is mea 
Sured by a particle Size distribution measurement apparatus 
(commercial name, Microtrac). 
0030 The niobium powder having the above-described 
mean particle diameter can be produced by means of, for 
example, pulverization of a Sodium-reduced compound of 
potassium fluoroniobate, pulverization of a hydrogenated 
niobium ingot followed by dehydrogenation, or carbon 
reduction of niobium oxide. The mean particle diameter of 
niobium powder can be controlled, for example, by the 
degree of hydrogenation of a niobium ingot, the pulveriza 
tion time, and pulverization apparatus, when the niobium 
powder is obtained by pulverization of hydrogenated nio 
bium ingot followed by dehydrogenation. 

0031. The thus-obtained niobium powder may contain 
impurities attributed to the raw material, the reducing agent, 
and the apparatus employed. Typical impurities are elements 
M, which include iron, nickel, cobalt, Silicon, Sodium, 
potassium, and magnesium. The above-described niobium 
powder may be washed with an alkali and at least one acid 
Selected from hydrofluoric acid, nitric acid, Sulfuric acid and 
hydrochloric acid. Alternatively, the niobium powder may 
be washed with the above acid, an alkali, and aqueous 
hydrogen peroxide. These reagents may be used Sequentially 
or in combination, So as to wash the niobium powder 
repeatedly for removal of impurities. More specifically, the 
niobium powder may be Sufficiently washed, for example, 
with Sulfuric acid, and residual Sulfuric acid may be neu 
tralized by use of an alkali, after which, the niobium powder 
may be repeatedly washed with water. When nitric acid is 
used together with hydrogen peroxide for Washing the 
niobium powder, oxidation of the powder by nitric acid can 
be advantageously prevented. The niobium powder may also 
be washed by means of another method, for example, the 
niobium powder is Stirred in the above-described reagents 
for an appropriate period of time, i.e., until the impurity 
content reaches a predetermined value or less, and the 
powder is separated from the reagent with Stirring. 
0032. In the present invention, impurity content of the 
niobium powder should preferably be reduced as low as 
possible. Generally, impurity content on the Surface of a 
powder increases in accordance with the Surface area, and 
therefore, in the above-described formula for calculating 
“specific leakage current index,”“leakage current (LC)’. 
Serving as the numerator tends to become larger than "(Cx 
V)” serving as the denominator. However, in the present 
invention, by Suppression of impurity content, an increase of 
“(CXV) Serving as the denominator can become larger in 
relation to “leakage current (LC)’ Serving as the numerator, 
as compared with typical cases. 
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0.033 When the niobium powder containing the element 
M as an impurity is used for producing a capacitor, the 
element M may migrate into a dielectric layer. Therefore, 
when Voltage is applied to the capacitor, the element M may 
cause abnormal accumulation of electric charge, and Specific 
leakage current index of the capacitor may become larger. 
0034. The amount of each of the elements M should 
preferably be not more than about 100 ppm by weight, or the 
total amount of the elements M should be not more than 
about 350 ppm by weight. By reducing the impurity content, 
a baneful influence on the above-described dielectric layer 
can be reduced. In order to decrease the Specific leakage 
current index further, the amount of each of the elements M 
is preferably not more than about 70 ppm by weight, and 
more preferably not more than about 30 ppm by weight. 
Also, in order to decrease the Specific leakage current index 
further, the total amount of the elements M is preferably not 
more than about 300 ppm by weight, and more preferably 
not more than about 200 ppm by weight. 
0035. The niobium powder according to the present 
invention has the above-described mean particle diameter, 
and a nitrogen content of at least about 500 ppm and not 
more than about 7,000 ppm by weight. In order to further 
reduce the Specific leakage current index, the nitrogen 
content is preferably at least about 1,000 ppm and not more 
than about 3,000 ppm by weight. When the content is less 
than about 500 ppm by weight or in excess of about 7,000 
ppm by weight, a Sintered body having the desired specific 
leakage current indeX becomes difficult to obtain. AS used 
herein, nitrogen content refers not to the amount of nitrogen 
adsorbed onto the niobium powder, but to the amount of 
nitrogen which has been chemically bound to niobium. 
003.6 Liquid nitrogen, nitrogen ions, and nitrogen gas 
may be used as the nitrogen Source for nitridation of the 
niobium powder, and these may be used either alone or as 
combination of two or more thereof. The niobium powder is 
preferably Subjected to nitridation under a nitrogen gas 
atmosphere, Since a convenient apparatus can be used with 
easy operation. For example, the niobium powder is allowed 
to Stand under a nitrogen atmosphere, to thereby give a 
nitrided niobium powder. In this case, the niobium powder 
is allowed to Stand under a nitrogen atmosphere at a tem 
perature of not higher than about 2,000 C. for within several 
tens of hours, to thereby obtain the niobium powder having 
the intended nitrogen content. Conducting the nitridation at 
higher temperature may shorten the time for treatment. 
0037. In consideration of lower specific leakage current 
index, in order to obtain the niobium powder having a 
nitrogen content in the range of about 500 ppm by weight to 
about 7,000 ppm by weight, after the particle diameter of 
niobium powder is measured, nitridation temperature and 
time can be controlled in relation to the particle size under 
conditions which are determined by a pre-test. 
0.038. The procedure by which the niobium powder is 
Sintered is not particularly limited, and the conventional 
procedure can be employed. For example, the niobium 
powder is preSS molded into a predetermined shape, and then 
maintained at a temperature of about 500 C. to about 2,000 
C. under a reduced pressure of about 1 Torr to about 1x10 
Torr for Several minutes to Several hours to give the Sintered 
body. 
0039. A capacitor comprising (i) an electrode, which is 
the above-described sintered body produced from a niobium 
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powder, (ii) a counter electrode, and (iii) a dielectric inter 
vening between the two electrodes (i) and (ii), preferably 
formed on the Sintered body, may be produced. A preferable 
example of the dielectric of the capacitor includes niobium 
oxide. For example, the niobium Sintered body Serving as 
one electrode (i) is Subjected to electrochemical formation in 
an electrolytic Solution, to thereby form a dielectric com 
posed of niobium oxide on a Surface of the Sintered body. 
The electrochemical formation in the electrolytic solution is 
typically performed by using an aqueous Solution of a protic 
acid, for example, an about 0.1% aqueous Solution of 
phosphoric acid or sulfuric acid. When a niobium oxide 
dielectric is formed by electrochemical formation of the 
niobium sintered body in the electrolytic solution, the 
capacitor according to the present invention Serves as an 
electrolytic capacitor and the niobium Sintered body 
becomes a positive electrode. 

0040. No particular limitation is imposed on the material 
of the other electrode of the capacitor according to the 
present invention. For example, there may be used at least 
one compound Selected from electrolytic Solutions, organic 
Semiconductors and inorganic Semiconductors, all of which 
are publicly known in the aluminum electrolytic capacitor 
industry. AS Specific examples of the electrolytic Solution, 
there can be mentioned a mixed Solution of dimethylforma 
mide and ethylene glycol having dissolved therein 5% by 
weight of isobutyltripropylammonium borotetrafluoride, 
and a mixed Solution of propylene carbonate and ethylene 
glycol having dissolved therein 7% by weight of tetraethy 
lammonium borotetrafluoride. AS Specific examples of the 
organic Semiconductor, there can be mentioned an organic 
Semiconductor containing benzopyrroline tetramer and 
chrolanyl, an organic Semiconductor predominantly com 
prising tetrathiotetracene, an organic Semiconductor pre 
dominantly comprising tetracyanoquinodimethane, and an 
organic Semiconductor predominantly comprising a conduc 
tive polymer, which is a polymer represented by the follow 
ing formula (1) or (2) and has been doped with a dopant. AS 
Specific examples of the inorganic Semiconductor, there can 
be mentioned an inorganic Semiconductor predominantly 
comprising lead dioxide or manganese dioxide, and an 
inorganic Semiconductor comprising triron tetroxide. These 
Semiconductors may be used either alone or as combination 
of two or more thereof. 

(1) 

(2) 
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0041). In formulas (1) and (2), R' to R' independently 
represent a hydrogen atom, a C-C alkyl group or a C-C, 
alkoxy group; X represents an oxygen, Sulfur or nitrogen 
atom; R, which is present only when X is a nitrogen atom, 
represents a hydrogen atom or a C-C alkyl group; and R' 
may be bonded together with R', and R may be bonded 
together with R", to form a cyclic structure. 
0.042 AS specific examples of the polymers of formula 
(1) and (2), there can be mentioned polyaniline, polyox 
yphenylene, polyphenylene Sulfide, polythiophene, polyfu 
ran, polypyrrole, polymethylpyrrole, and derivatives 
thereof. 

0043. When, as the above-described organic semiconduc 
tor and inorganic Semiconductor, those having a conductiv 
ity of about 10° S-cm to about 10 S-cm is used, the 
impedance of the produced capacitor further decreases and 
the capacitance of the capacitor may be further increased at 
high frequency. 

0044) When the other electrode is in solid form, carbon 
paste and Silver paste may be Successively formed on the 
other electrode and encapsulated with a material Such as an 
epoxy resin, to thereby fabricate a capacitor. The capacitor 
may have a niobium or tantalum lead, which has been 
sintered together with the niobium sintered body or welded 
to the sintered body after sintering. When the other electrode 
is in liquid form, the capacitor comprising the above 
described electrodes and the dielectric may be placed in a 
can which is electrically connected to the other electrode for 
the fabrication of a capacitor. In this case, the electrode of 
the niobium sintered body is led to the outside via the 
above-described niobium or tantalum lead, and the lead is 
insulated from the can by a material Such as insulating 
rubber. 

0.045 AS is described above, a sintered body having low 
Specific leakage current index, obtained according to the 
present invention, may be used for producing a capacitor 
having low leakage current and high reliability. 

0046) The present invention will now be described in 
more detail by the following working examples. 

0047 Characteristics of a niobium powder, a sintered 
body and a capacitor were determined by the following 
methods. 

0048 (1) Nitrogen Content in Niobium Powder 
0049. The amount of nitrogen bound in a nitrided nio 
bium powder was determined based on thermal conductivity 
of the powder as measured by an oxygen- and nitrogen 
measuring apparatus (Supplied by LECO). The ratio (unit: 
ppm by weight) of the amount of bound nitrogen to the 
Separately measured weight of the nitrided powder was 
regarded the nitrogen content. 

0050 (2) Capacitance of Sintered Body 
0051. The capacitance of a sintered body was measured 
by an LCR meter (supplied by HP), which was connected 
between the sintered body immersed in aqueous 30% sul 
furic acid and a tantalum electrode placed in a Sulfuric acid 
Solution. The measurement of capacitance was conducted at 
120 Hz and room temperature. 
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0.052 (3) Leakage Current (LC) of Sintered Body 
0053. The leakage current (LC) of a sintered body was 
measured as follows. DC voltage equivalent to 70% of the 
electrochemical forming Voltage employed during prepara 
tion of a dielectric was imposed for three minutes at room 
temperature between the Sintered body immersed in an 
aqueous 20%. Solution of phosphoric acid and an electrode 
placed in an aqueous Solution of phosphoric acid. After 
Voltage application, the current was measured as the leakage 
current of the Sintered body. In the present invention, the 
imposed Voltage was 14 V. 
0054 (4) Capacitance of Capacitor 
0055 Acapacitor was formed into a chip, and the capaci 
tance of the chip was measured by an LCR meter (Supplied 
by HP) which was connected between terminals of the chip 
at room temperature and at 120 Hz. 
0056 (5) Leakage Current of Capacitor 
0057 The leakage current of a capacitor formed into a 
chip was measured as follows. DC voltage equivalent to 
approximately /3 to 4 of the electrochemical forming Volt 
age employed during preparation of a dielectric was Selected 
from rating voltages such as 2.5V, 4 V, 6.3V, 10 V, 16 V and 
25 V. The Selected Voltage was applied at room temperature 
between terminals of the produced chip for one minute. 
After Voltage application, the current was measured as the 
leakage current of the capacitor formed into a chip. In the 
present invention, the applied Voltage was 6.3 V. 

EXAMPLES 1 TO 3 AND COMPARATIVE 
EXAMPLE 1 to 3 

0.058 Potassium fluoroniobate (20 g) which had been 
thoroughly dried at 80° C. in vacuum, and sodium (amount 
by mol of ten times that of potassium fluoroniobate) were 
placed in a nickel crucible, and the mixture was allowed to 
react for reduction at 1,000 C. for 20 hours under an argon 
atmosphere. After the completion of reaction, the reaction 
mixture was cooled, and the thus-reduced product was 
sequentially washed with water, 95% sulfuric acid, and 
water, and then dried in vacuum. The dried product was 
pulverized by a ball mill having an alumina pot and Silica 
alumina balls contained therein for 40 hours. The pulverized 
product was immersed in a mixture of 50% nitric acid and 
10% aqueous hydrogen peroxide (3:2 by weight) with 
Stirring So as to remove an impurity introduced during 
pulverization. The thus-treated product was thoroughly 
washed with water such that the pH of wash liquid reached 
7, and dried in vacuum, to thereby obtain a niobium powder 
having a mean particle diameter of 2.6 um. The niobium 
powder had a mean pore diameter of 1.4 um as measured by 
a mercury intrusion method. 
0059. The niobium powder was allowed to stand in a 
vessel filled with nitrogen for two hours at temperatures 
shown in Table 1, to thereby induce nitridation. Measured 
nitrogen contents are shown in Table 1. The mean particle 
diameter and mean pore diameter of the nitrided niobium 
powder were the same as those as measured before the 
nitridation. 

0060 Subsequently, each of the nitrided niobium pow 
ders was shaped together with a niobium wire (0.3 mmcp) 
into a compact having approximate dimensions of 0.3 
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cmx0.18 cmx0.45 cm (approximately 0.1 g). The compact 
was allowed to stand in vacuum of 3x10, Torr at 1,300° C. 
for 30 minutes, to thereby produce a sintered body thereof. 
The sintered body was electrochemically converted through 
application of 20 V in a 0.1% acqueous solution of phospho 
ric acid at 80° C. for 200 minutes, to thereby form a niobium 
oxide dielectric layer on a Surface of the Sintered body. 
Thereafter, the capacitance in 30% sulfuric acid, and the 
leakage current (hereinafter referred to as “LC when appro 
priate) after application of Voltage at 14 V for three minutes 
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bodies. In Examples 10 and 11, Sintering was carried out at 
1,200 C. Conditions for nitridation and the measured nitro 
gen contents are shown in Table 1. The measured capaci 
tance, LC, and Specific leakage current indeX are also shown 
in Table 1. 

0062) The amount of each of the elements as impurities 
contained in niobium powders of Examples 1 to 11 and 
Comparative Examples 1 to 6 was measured through atomic 
absorption spectrometry. The results are shown in Table 2. 

TABLE 1. 

Examples Powder Pulveri- Mean Nitrida 
and produc- Zing particle tion Nitrogen Capaci- Specific 
Comparative tion time diameter temp. content tance LC LC index 
Examples method hr Lum C. Iwt. ppm LuF LuA pA? (uFV) 

Com. Ex. 1 A. 40 2.6 2OO 3OO 225 4 890 
Example 1 2.6 3OO 1OOO 227 1.5 330 
Example 2 2.6 400 3OOO 224 1. 22O 
Example 3 2.6 500 7OOO 22O 1.5 340 
Com. Ex. 2 2.6 550 14OOO 222 3 68O 
Com. Ex. 3 2.6 6OO 2OOOO 221 5 1130 
Com. Ex. 4 B 1. 3.5 2OO 2OO 174 8 23OO 
Com. Ex. 5 1. 3.5 3OO 700 173 3 870 
Com. Ex. 6 1. 3.5 400 23OO 175 2 570 
Example 4 2 1.7 2OO 6OO 310 2 32O 
Example 5 2 1.7 3OO 18OO 3O8 1. 160 
Example 6 2 1.7 400 45OO 306 2 330 
Example 7 3 1.1 2OO 11OO 450 1. 110 
Example 8 3 1.1 3OO 1900 448 1. 110 
Example 9 3 1.1 400 58OO 454 2 22O 
Example 10 5 O.7 3OO 3OOO 590 2 170 
Example 11 18 O.2 3OO 38OO 970 3 150 

Note, A: Pulverization of reduction product of potassium fluroniobate 
B: Pulverization of hydride of niobium ingot 

at room temperature in a 20% aqueous Solution of phospho 
ric acid were measured. The results, and a specific leakage 
current index are shown in Table 1. 

EXAMPLES 4 TO 11 AND COMPARATIVE 
EXAMPLES 4 TO 6 

0061. A niobium rod (20 mmcp, 20 g) was placed in a 
reactor made of SUS 304. After the reactor was degassed to 
attain vacuum (approximately 6x10"Torr), the temperature 
of the reactor was elevated to 800 C., and hydrogen was fed 
into the reactor. Hydrogen was further introduced at 350° C. 
for 50 hours. After cooling, a hydrogenated niobium ingot 
was pulverized for 10 hours in a one-liter pot made of SUS 
304 and containing iron balls. The pulverized product was 
placed into the above-described reactor made of SUS 304, 
and hydrogenated under the Same conditions as mentioned 
above. The thus-formed hydrogenated product was mixed 
with water, to prepare a 20 vol. 9% slurry, which was 
pulverized with zirconia balls by a wet-crusher made of SUS 
304 (trade name, Attriter). The pulverizing time was varied 
as shown in Table 1, to thereby produce a plurality of 
niobium powders having different mean particle diameters. 
Each of the niobium powders was Sequentially washed with 
95% sulfuric acid, water, a mixture of 30% hydrofluoric acid 
and 50% nitric acid (1:1 by weight), and water, and dried in 
Vacuum, to thereby remove an impurity introduced during 
pulverization. Nitridation, Shaping, and Sintering were car 
ried out in the same manner as described in Example 1 or 2, 
or Comparative Example 1, to thereby produce Sintered 

0063) 

TABLE 2 

Content of impurity element Iwt. ppm 

Fe N Co Si Na K Mg Total 

Com. Ex. 1 50 50 2O 60 2O 50 2O 270 
Example 1 50 50 2O 60 2O 50 2O 270 
Example 2 50 50 2O 60 2O 50 2O 270 
Example 3 50 50 2O 60 2O 50 2O 270 
Com. Ex. 2 50 50 2O 60 2O 50 2O 270 
Com. Ex. 3 50 50 2O 60 2O 50 2O 270 
Com. Ex. 4 2O 2O 15 3O 5 5 5 1OO 
Com. Ex. 5 2O 2O 15 3O 5 5 5 1OO 
Com. Ex. 6 2O 2O 15 3O 5 5 5 1OO 
Example 4 2O 2O 2O 3O 5 5 5 105 
Example 5 2O 2O 2O 3O 5 5 5 105 
Example 6 2O 2O 2O 3O 5 5 5 105 
Example 7 2O 2O 2O 3O 5 5 5 105 
Example 8 2O 2O 2O 3O 5 5 5 105 
Example 9 2O 2O 2O 3O 5 5 5 105 
Example 10 30 3O 2O 3O 5 5 5 125 
Example 11 35 35 2O 3O 5 5 5 135 

EXAMPLES 12 TO 13 AND COMPARATIVE 
EXAMPLES 7 TO 9 

0064. The procedures of Examples 1 to 3 and Compara 
tive Examples 1 to 3 were repeated in Examples 12 to 14 and 
Comparative Examples 7 to 9, respectively, to thereby 
prepare 50 Sintered bodies for each of the working examples. 
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Each of the sintered bodies was electrochemically converted 
at 20 V in a 0.1% aqueous solution of phosphoric acid for 
200 minutes, to thereby form a dielectric niobium oxide film 
on the surface of the sintered body. Subsequently, the 
thus-treated Sintered body was immersed in an aqueous 
solution of manganese nitrate and heated at 220 C. for 30 
minutes. This immersion-heating procedure was repeated, to 
thereby form on the dielectric niobium oxide film a man 
ganese dioxide layer as the other electrode. A carbon layer 
and a Silver paste layer were Successively formed on the 
manganese dioxide layer. Then a lead frame was placed on 
the thus-produced element, and the entirety of the element 
was encapsulated with an epoxy resin, to thereby produce a 
chip capacitor. 

0065 Capacitance and LC value of capacitor (average 
value of 50 capacitors) are shown in Table 3. The LC value 
was measured after 6.3 V was imposed for one minute at 
room temperature. 

EXAMPLES 15 TO 17 AND COMPARATIVE 
EXAMPLE 10 

0.066 The procedures of Comparative Example 5 and 
Examples 9 to 11 were repeated in Comparative Example 10 
and Examples 15 to 17, respectively, to thereby prepare 50 
Sintered bodies for each of the working examples. Each 
Sintered body was treated in a manner Similar to that 
described in Example 12, to thereby form a dielectric 
niobium oxide film on a surface of the sintered body. 
Subsequently, the thus-treated sintered body was immersed 
in a mixture of a 35% aqueous Solution of lead acetate and 
a 35% aqueous solution of ammonium persulfate (1:1 by 
volume) and heated at 40° C. for one hour. This immersion 
heating procedure was repeated, to thereby form on the 
dielectric niobium oxide film a layer comprising a lead 
dioxide-lead sulfate mixture (lead dioxide content of 94 wt. 
%),Serving as the other electrode. A carbon layer and a silver 
paste layer were Successively formed on the lead dioxide 
lead Sulfate mixture layer. A lead frame was placed on the 
thus-produced element, and the entirety thereof was encap 
Sulated with an epoxy resin, to thereby produce a chip 
capacitor. 

0067 Capacitance and LC value of capacitor (average 
value of 50 capacitors) are shown in Table 3. The LC value 
was measured after 6.3 V was imposed for one minute at 
room temperature. 

Sintered body 
Specific LC Capacitor chip 

index Capacitance 
pA/(uF V) LC LuA LuF 

Com. Ex. 7 890 18.9 210 
Example 12 330 1.O 212 
Example 13 22O O.9 208 
Example 14 340 1.1 205 
Com. Ex. 8 68O 17.6 218 
Com. Ex. 9 1,130 34.2 2O6 
Com. Ex. 10 870 15.O 151 
Example 15 22O 1.6 411 
Example 16 170 2.3 526 
Example 17 150 3.5 809 
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0068. From comparison of Examples 1 to 3 with Com 
parative Examples 1 to 3, comparison of Examples 4 to 6, 
Examples 7 to 9, Example 10 and Example 11 with Com 
parative Example 4 to 6, in Table 1, it will be seen that 
Sintered bodies produced from niobium powder having a 
nitrogen content of 500 to 7,000 ppm by weight and a mean 
particle diameter of at least 0.2 um and less than 3 um have 
an excellent specific LC index. As is clear from Table 3, the 
LC of a chip capacitor is Smaller when the Specific LC index 
of a sintered body is not more than 400 pA/(uFV). Since 
the chip capacitor of the present invention has a Specific LC 
indeX not greater than a generally acceptable value, i.e., 
0.01xcapacitancexapplied Voltage, the capacitor is consid 
erably reliable. 
0069. Thus, a sintered body comprising the niobium 
powder of the present invention has an excellent Specific LC 
index, and a capacitor produced from the Sintered body has 
a Small LC and Serves as a considerably reliable capacitor. 

What is claimed is: 
1. A niobium powder having a nitrogen content of at least 

about 500 ppm by weight and not more than about 7,000 
ppm by weight, and having a mean particle diameter of at 
least about 0.2 um and less than about 3 um, which contains 
as impurity at least one element M Selected from the group 
consisting of iron, nickel, cobalt, Silicon, Sodium, potassium 
and magnesium in an amount Such that each element M is 
not more than 100 ppm by weight, or the total amount of the 
elements M is not more than 350 ppm by weight. 

2. The niobium powder according to claim 1, which has 
a mean particle diameter of at least about 0.5 um and leSS 
than about 2 um. 

3. The niobium powder according to claim 1, which has 
a nitrogen content of at least about 1,000 ppm by weight and 
not more than about 3,000 ppm by weight. 

4. A Sintered body produced from a niobium powder, 
which has a specific leakage current index of not more than 
about 400 pA/(uFV)). 

5. The sintered body according to claim 4, which has a 
Specific leakage current index of not more than about 200 
pA/(uFV)). 

6. A Sintered body produced from a niobium powder, Said 
niobium powder having a nitrogen content of at least about 
500 ppm by weight and not more than about 7,000 ppm by 
weight, and having a mean particle diameter of at least about 
0.2 um and less than about 3 um. 

7. The sintered body according to claim 6, wherein said 
niobium powder has a mean particle diameter of at least 
about 0.5 um and less than about 2 um. 

8. The sintered body according to claim 6, wherein said 
niobium powder has a nitrogen content of at least about 
1,000 ppm by weight and not more than about 3,000 ppm by 
weight. 

9. The sintered body according to claim 6, wherein said 
niobium powder contains as impurity at least one element M 
Selected from the group consisting of iron, nickel, cobalt, 
Silicon, Sodium, potassium and magnesium in an amount 
such that each element M is not more than 100 ppm by 
weight, or the total amount of the elements M is not more 
than 350 ppm by weight. 

10. The sintered body according to claim 6, which has a 
Specific leakage current index of not more than about 400 
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11. The sintered body according to claim 6, which has a 
Specific leakage current index of not more than about 200 
pA/(uFV)). 
12. A capacitor comprising (i) an electrode, wherein the 

electrode is a sintered body produced from a niobium 
powder, (ii) a counter electrode, and (iii) a dielectric inter 
vening between the two electrodes; Said niobium powder 
having a nitrogen content of at least about 500 ppm by 
weight and not more than about 7,000 ppm by weight, and 
having a mean particle diameter of at least about 0.2 um and 
less than about 3 um. 

13. The capacitor according to claim 12, wherein Said 
niobium powder has a mean particle diameter of at least 
about 0.5 um and less than about 2 um. 

14. The capacitor according to claim 12, wherein Said 
niobium powder has a nitrogen content of at least about 
1,000 ppm by weight and not more than about 3,000 ppm by 
weight. 

15. The capacitor according to claim 12, wherein Said 
niobium powder contains as impurity at least one element M 
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Selected from the group consisting of iron, nickel, cobalt, 
Silicon, Sodium, potassium and magnesium in an amount 
such that each element M is not more than 100 ppm by 
weight, or the total amount of the elements M is not more 
than 350 ppm by weight. 

16. The capacitor according to claim 12, wherein Said 
Sintered body has a specific leakage current index of not 
more than about 400 pA/(uFV)). 

17. The capacitor according to claim 12, wherein Said 
Sintered body has a specific leakage current index of not 
more than about 200 pA/(uFV)). 

18. The capacitor according to claim 12, wherein Said 
dielectric is formed on a surface of the sintered body. 

19. The capacitor according to claim 12, wherein Said 
dielectric is composed of niobium oxide. 

20. The capacitor according to claim 12, wherein Said 
dielectric is composed of niobium oxide formed by electro 
lytic oxidation on a Surface of the Sintered body. 

k k k k k 


